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Real Party in Interest 

The real party in interest, and assignee of this case, is 
Halliburton Energy Services, Inc. 

Related Appeals and Interferences 

To the best knowledge and belief of the undersigned 
attorney, there are no related appeals or interferences. 

Status of Claims 

Claims 1-13 are allowed. Claims 14 and 16-18 are pending 
and are each under final rejection. Claim 15 is objected to. No 
other claims are pending. 

Status of Amendments after Final 

An amendment after final rejection, which was filed on 
October 27, 2004, has been entered. 
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Summary of Invention 

The following summary refers to disclosed embodiments and 
their advantages, but does not delimit any of the claimed 
inventions. 

The present application describes a reliable, inexpensive 
means of early detection and operator warning when there is a 
roller cone drill bit failure. (Page 2, lines 10-12.) This system is 
technically and economically suitable for use in low cost rotary 
land rig drilling operations as well as high-end offshore drilling. 
(Page 2, lines 12-14.) The solution is able to detect impending bit 
failure prior to catastrophic damage to the bit, but well after the 
majority of the bit life is expended. (Page 2, lines 14-16.) In 
addition to failure detection, the innovative system is able to alert 
the operator at the surface once an impending bit failure is 
detected. (Page 2, lines 16-18.) 

Figure 1 shows the physical arrangement of apparatus 
relative to the bit. (Page 20, lines 26-27.) The drill pipe 102 
connects to the instrumented sub assembly 104, which contains 
the sensors 106 and telemetry apparatus for relaying a failure 
signal to the surface. (Page 20, line 27-Page 21, line 1.) The sub 
assembly is connected to the drill bit 108 through a threaded 
connection 110. (Page 21, lines 3-4.) 
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named the 

Spectral Power Ratio Analysis (SPRA) method. (Page 21, lines 8- 
10.) Figure 2 illustrates the process. (Page 21, line 10.) 

Figure 2 shows an overview of the process by which failure 
is detected and indicated to the operator in this class of 
embodiments. (Page 21, lines 11-12.) The sensors in the drill 
assembly include circuitry that performs a fast Fourier transform 
on the data (step 202) to thereby translate the data into the 
frequency domain. (Page 21, lines 12-15.) A spectral power 
comparison is then performed (step 204) which allows the data to 
be put into spectral power ratios. (Page 21, lines 15-17.) A failure 
detection algorithm checks to see if the failure condition(s) is (are) 
met. (Page 21, lines 17-18.) If a failure is indicated, the telemetry 
system relays the failure indication signal to the surface operator 
(step 208). (Page 21, lines 18-20.) 
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In this method sensor data is collected in blocks and then 
analyzed in the frequency domain. (Page 21, lines 21-22.) The 
frequency spectrum of a window of fictitious sensor data is broken 
up into bands. (Page 21, lines 22-24.) The idea is that when the 
bearings in a bit are in good mechanical shape most of the spectral 
energy found in the bit vibration is contained in the lowest 
frequency band. (Page 22, lines 13-15.) As a bearing starts to fail it 
produces a greater level of vibration in the higher frequency bands. 
(Page 22, lines 15-16.) 

The second class of embodiments demonstrating innovations 
of the present application is herein referred to as the Mean Strain 
Ratio Analysis (MSRA) method. (Page 27, lines 19-21.) In an 
exemplary embodiment, method strain measurements taken from 
an instrumented sub directly above the bit are used to detect 
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changes in induced bending and axial stresses which are related to 
a roller cone bearing failure. (Page 27, lines 24-27.) 

Figures 16A and 16B show a drill string with a sub assembly 
1602 and drill bit 1604. (Page 28, lines 4-5 and Amendment in 
Response to Office Action dated 1 1/20/2002, Page 5 (no line 
numbers in Amendment.)) The cross sectional view (along I_I) 
shows the placement of strain gauges 1606, here shown as 
symmetrically distributed around the sub 1602. (Page 28, lines 5- 
7.) Of course, the strain gauges 1606 need not be symmetrically 
placed, since failures are detected by relative changes in the 
readings. (Page 28, lines 7-9.) 




fij. IWA StrainGauges ^ |uB 

There is an average percentage of the total load on the bit that 
each of the cones on a roller cone bit will support. (Page 28, lines 
10-1 1.) When a bit is new (i.e., no bearing failure), the average 
amount of strain measured by each strain gauge in Figures 16A and 
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16B will maintain a fairly constant percentage of the average strain 
in each of the other strain gauges. (Page 28, lines 21-25 and 
Amendment in Response to Office Action dated 1 1/20/2002, Page 
5 (no line numbers in Amendment.)) In other words, if an average 
value of strain for each of the strain gauges is computed, then 
divided by a similar average strain value for each of the other strain 
gauges, this ratio will remain fairly constant, even if the load on the 
bit is varied. (Page 28, lines 25-28.) However, when the percentage 
of the load changes as an individual cone wears faster than the other 
cones or suffers dramatic bearing wear, the ratio of the average 
strain at each of the strain gauge locations will change. (Page 28, 
line 28-Page 29, line 2.) 

A flow showing an example of the MSRA detection scheme 
is shown in Figure 18. (Page 29, lines 21-22.) In this embodiment, 
the strain gauges send data to a low pass filter, which filters the 
sensor signals (step 1802) and passes the result to circuitry which 
computes the mean strain ratios (step 1804). (Page 29, lines 22- 
25.) These are used by the failure detection algorithm to detect a 
bit failure (step 1806). (Page 29, line 25-Page 30, line 1.) If a 
failure is detected, the telemetry system sends a warning signal to 
the surface (step 1808). (Page 30, lines 1-2.) 
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FIG.18 

The third class of embodiments for detecting impending bit 
failure is herein referred to as the Adaptive Filter Prediction 
Analysis (AFP A) method. (Page 33, lines 23-25.) In this method 
an adaptive filter (preferably an adaptive neural network) is used to 
process sensor signals as part of an overall scheme to detect drill 
bit failure. (Page 33, lines 25-27.) 

Figure 32 shows a schematic of an example embodiment. 
(Page 34, line 2.) Sensor signals from the instrumented sub are 
received by the adaptive filter, which uses past signal 
measurements to predict the next sensor value (step 3202). (Page 
34, lines 3-5.) The adaptive filter (preferably a neural net) attempts 
to predict sensor readings one step ahead in time using older sensor 
readings (step 3204). (Page 34, lines 5-7.) The resulting prediction 
error statistics are analyzed by the failure detection algorithm for 
failure (step 3206), and if a failure is detected, the telemetry 



Appeal Brief- Serial No. 10/036,105 



Page 9 



system sends a warning signal to the surface (step 3208). (Page 34, 
lines 7-10.) 
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FIG. 32 

Test data has shown that when a bearing in a cone starts to 
fail, it will generally emit bursts of high-frequency vibration or 
will cause the cone to lockup. (Page 35, lines 9-11.) Either of these 
occurrences will cause an abrupt and unpredictable change in the 
pattern of vibrations produced by the bit. (Page 35, lines 1 1-13.) If 
the prediction error of an adaptive filter that is being used to 
predict bit vibration is monitored, momentary increases in the 
prediction error will be observed. (Page 35, lines 13-15.) These 
observations can be used to detect roller cone bit failure. (Page 35, 
lines 15-16.) 

A method and apparatus for signaling the operator at the 
surface is described. (Page 39, line 28-Page 40, line 1.) In the 
example embodiment of Figure 46, the basic detection/warning 
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system operation follows a sequence. (Page 40, lines 15-16.) First 
the sensor data is monitored while the drilling operation proceeds. 
(Page 40, lines 16-17.) The detection method previously described 
is used to detect a failure in progress. (Page 40, lines 17-18.) If a 
failure is detected, a port is opened which causes a drop in the 
surface pump pressure. (Page 40, lines 18-20.) This drop in 
pressure can easily be seen by the surface operator, serving as a 
warning that a failure is in progress in the bit. (Page 40, lines 20- 
21.) 



Closed Port 




Tim© ( seconds ) 
Fig.46 



A schematic of the downhole tool apparatus is shown in 
Figure 47. (Page 40, line 22.) The workstring 4702 contains a fluid 
passage, which allows fluid to reach the drill bit 4704, passing 
through the instrumented sub 4706. (Page 40, lines 23-24.) The sub 
4706 includes a fluid bypass port 4708 and a sleeve 4710 or valve 
which opens or closes the fluid bypass port 4708. (Page 40, lines 
25-26.) An actuator 4712 is connected to both the sleeve 4710 and 
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the detection electronics 4714. (Page 40, lines 26-28.) Sensors 
4716 are also located in the sub 4706 (in this embodiment). (Page 
40, lines 28-29.) 
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In one embodiment a sleeve valve can be opened and closed 
repeatedly to cause corresponding low and high pressure pumping 
pressure levels at the surface. (Page 41, lines 1-3.) In another 
embodiment a "one-shot" pilot valve is used to initiate a fluid 
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metering system which lets the sleeve valve slowly meter into the 
open position, then continue into the closed position for normal 
drilling to resume. (Page 41, lines 11-14.) 
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Issues 

Issue 1 - Whether claims 14 and 16-17 are anticipated under 
35 U.S.C. § 102 (b) by U.S. Patent No. 4,866,680 to Scherbatskoy 
(hereinafter "Scherbatskoy"). 

Issue 2 - Whether claim 18 is obvious under 35 U.S.C. § 103 
over Scherbatskoy in view of U.S. Patent No. 5,51 1,037 to Randall 
et al. (hereinafter "Randall"). 

Issue 3 - Whether every element of claim 15 is shown in the 
Figures. 

Grouping of Claims 

For each ground of rejection that applies to more than one 
claim, such claims, to the extent identified and argued below, do not 
stand or fall together. 
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Argument 

I. Whether claims 14 and 16-17 are anticipated under 35 U.S.C. 

§ 102 (b) bv U.S. Patent No. 4.866.680 to Scherbatskov 

(hereinafter "Scherbatskov")? 

A. Claim 14 Is Not Anticipated by Scherbatskov 

A claim is anticipated only if a single prior art reference 

teaches each and every element of the claim (MPEP 2131). 

Independent claim 14 recites: 

A method of operating a drill rig, comprising the steps 
of: using downhole circuitry to signal a change in 
downhole equipment condition by causing a reduction in 
drilling fluid long-time average pressure. 

Scherbatskoy fails to teach the limitation in claim 14 of 
"using downhole circuitry to signal a change in downhole 
equipment condition.... " Scherbatskoy generally pertains to 
measurements while drilling a bore hole in the earth. [Col. 1, lines 
24-26.] More specifically, Scherbatskoy is directed toward an 
improvement in the actual signaling method which employs signal 
discrimination and which can thereby increase the amount of data 
which can be transmitted to the earth's surface. [Col. 6, lines 7-13.] 

However, Appellants respectfully submit that Scherbatskoy is 
not concerned with indicating downhole equipment condition, but 
rather teaches that information concerning the earth's subsurface 
can be transmitted to the earth's surface. For example, in an 
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embodiment, Scherbatskoy discloses that a mud valve is operated 
by the output of "one or more sensors for sensing one or more 
downhole parameters in the earth's subsurface near the drill bit ." 
This passage states: 

The valve, in accordance with my invention, is operated 
by the output of one or more sensors for sensing one or more 
downhole parameters in the earth's subsurface near the drill 
bit.... 

[Col. 6, lines 14-17, emphasis added.] 

Further, Scherbatskoy provides the following examples of 
sensors that generate electric signals indicative of such downhole 
parameters: gamma ray sensors, temperature sensors, pressure 
sensors, gas content sensors, magnetic compasses, strain gauge 
inclinometers, magnetometers, gyro compasses, and many others. 
[Col. 13, lines 6-11] However, Appellant finds no passage in 
Scherbatskoy where these sensors are characterized as indicating 
condition of downhole equipment. Examiner also has not cited any 
passage which states that these sensors are used to indicate 
condition of downhole equipment. 

Examiner addresses this deficiency in the Examiner's 
argument in the Advisory Action which was received by Appellant 
on 11/16/2004, which states: 



Appeal Brief- Serial No. 10/036,105 



Page 18 



The sensors disclosed in Scherbatskoy ('680) still 
measure condition that indicate a change in downhole 
equipment conditions. For example, the sensors can sense an 
increase in downhole temperature near the bit could indicate 
increase in the temperature of the bit itself . 

[Emphasis added] 

However, based on this statement, Appellant respectfully 
submits that Examiner has indicated that, in fact, the sensors of 
Scherbatskoy are designed and intended only to detect "downhole 
parameters in the earth's subsurface near the drill bit ," [Col. 6, 
lines 16-17 of Scherbatskoy, emphasis added]. 

Hence the Examiner's argument is based on a modification of 
the teachings of Scherbatskoy which is neither taught nor 
suggested in Scherbatskoy. In fact, Scherbatskoy, by explicitly 
teaching that the sensors are designed and used to detect changes 
"near the drill bit," Scherbatskoy teaches away from the claimed 
limitation of signaling "a change in downhole equipment 
condition..." as recited in claim 14. 

Appellant respectfully disagrees with Examiner Collins' s 
contention that claim 14 is anticipated by Scherbatskoy because 
the foregoing sensors can indicate a change in downhole 
equipment conditions. Scherbatskoy never states that the sensors 
could indicate such a change in downhole equipment conditions. 
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Scherbatskoy is concerned with measuring parameters in the 
earth's subsurface while drilling. Scherbatskoy provides no means 
for converting the signals representing parameters of the earth's 
subsurface into signals representing a change in the condition of 
downhole equipment such as the drill bit. 

Given that the cited reference does not explicitly teach or 
suggest the limitations of claim 14, Appellant has considered 
whether Scherbatskoy might inherently teach the claimed 
limitations. Appellant concludes that this is not the case, as 
discussed below. 

Express anticipation occurs when the invention is expressly 
disclosed in the prior art, patent or publication. In some cases, 
however, when the claimed invention is not described in haec verba, 
the "doctrine of inherency" is relied on to establish anticipation. 
Under the principles of inherency, a claim is anticipated if a 
structure in the prior art necessarily functions in accordance with the 
limitations of a process or method claim. In re King, 801 F.2d 1324, 
231 U.S.P.Q. 136 (Fed. Cir. 1986). The missing claimed 
characteristics must be a "natural result" flowing from what is 
disclosed. Continental Can Co. v. Monsant Co., 948 F.2d 1264, 20 
U.S.P.Q.2d 1746 (Fed. Cir. 1991). Unstated elements in a reference 
are inherent when they exist as a "matter of scientific fact". 
Constant v. Advanced Micro-Devices, Inc., 848 F.2d 1560, 7 
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U.S.P.Q.2d 1057 (Fed. Cir.), cert, denied, 488 U.S. 892 (1988) and 
Hughes Aircraft Co. v. United States, 8 U.S.P.Q.2d 1580 (Ct. CI. 
1988). Otherwise, the invention is not inherently anticipated. 

In the present case, the Scherbatskoy reference fails to 
expressly disclose the claimed limitation of signaling "a change in 
downhole equipment condition...." Further, the reference also fails 
to inherently teach this claimed limitation, because the taught 
structure of the reference does not necessarily function in 
accordance with the limitations of the proposed claim, as required 
for the doctrine of inherency to apply. Many of the sensors listed 
[see, e.g., col. 13, lines 6-15 of Scherbatskoy], including gamma 
ray sensors, pressure sensors, gas content sensors, magnetic 
compasses, etc. are applicable to measuring the condition of the 
earth's surface near the bit, but are not useful in indicating the 
condition of the downhole equipment. For example, the magnetic 
compass would provide no useful information about the condition 
of the drill bit or other downhole equipment. It is therefore 
respectfully submitted that Examiner has used the Appellant's 
application as a template to construct the innovations therein using 
the Scherbatskoy reference. The examiner may not use the claimed 
invention as an "instruction manual" or "template" to piece 
together the teachings of the prior art so that the invention is 
rendered obvious. In re Fritch, 972 F.2d 1260, 23 U.S.P.Q.2d 
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1780 (Fed. Cir. 1992). Such reliance is an impermissible use of 
hindsight with the benefit of applicant's disclosure. Id. 

In view of the foregoing, Appellant respectfully submits that 
claim 14 is not anticipated by Scherbatskoy. 

B. Claim 16 Is Not Anticipated by Scherbatskov 
Claim 16 depends directly from claim 1 and incorporates all 
the limitations thereof. Claim 16 also includes an additional 
limitation that "a reduction in drilling fluid long-time average 
pressure is caused by cycling a valve through a position which 
reduces fluid pressure and through a position which restores fluid 
flow to its normal state." 

Scherbatskoy fails to teach the limitation in claim 16 of 
restoring fluid flow to its normal state . Appellant respectfully 
disagrees with Examiner Collins 's contention that Scherbatskoy 
discloses the limitation of claim 16 in column 2, lines 4-20 and 
column 3, lines 60-64. In column 2, Scherbatskoy indicates that the 
prior art teaches the use of valves to either restrict mud flow or 
bypass some flow to a low pressure zone. Further, in column 3, 
Scherbatskoy only mentions slow pressure variation but does not 
suggest that such variation involves reducing the pressure and 
increasing it to its original state. 
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Accordingly, Appellant respectfully submits that claim 16 is 
not anticipated by Scherbatskoy. 
C. Claim 17 Is Not Anticipated by Scherbatskov 

Claim 17 depends directly from claim 14 and incorporates all 
the limitations thereof. Accordingly, the same distinctions between 
Scherbatskoy and claim 14, which are described above, are 
applicable to claim 17. Appellant therefore respectfully submits that 
claim 17 is not anticipated by Scherbatskoy. 



II. Whether claim 18 is obvious under 35 U.S.C. § 103 over 
Scherbatskoy in view of U.S. Patent No. 5,51 1,037 to Randall et 
al. (hereinafter "Randall"). 

To establish a prima facie case of obviousness, the prior art 
reference (or references when combined) must teach or suggest all 
the claim limitations (MPEP 2142). Claim 18 depends directly from 
claim 14 and incorporates all the limitations thereof. Claim 18 also 
includes an additional limitation that the "change in downhole 
equipment condition is determined by an adaptive filter which 
analyzes data from sensors located on the drill string." 

Appellant respectfully disagrees with Examiner Collins 's 
position that Scherbatskoy discloses the method of claim 14. For 
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the reasons described previously, Scherbatskoy neither teaches 
nor suggests using downhole circuitry to signal a change in 
downhole equipment condition. If Randall and Scherbatskoy 
could be properly combined, a combination thereof would result in 
an instrument directed at gathering information about the condition 
of the bore hole rather than the condition of downhole equipment. 

In view of the foregoing, Appellant respectfully submits that 
the cited prior art references do not establish a prima facie case of 
obviousness as to claim 18. 

III. Whether every element of claim 15 is shown in the Figures. 

Examiner Collins has objected to claim 15 because he 
believes that new Figure 62 does not show how the valve 4710 is 
irreversible. According to 37 CFR § 1.83, "every feature of the 
invention specified in the claims" must be shown in the drawings 
of a nonprovisional application. However, 37 CFR § 1.83 also 
indicates that conventional features can be illustrated in the 
drawings in the form of a graphical drawing symbol or a labeled 
representation "where their detailed illustration is not essential for 
a proper understanding of the invention." 

Claim 15 includes the limitation that "said reduction in 
drilling fluid long-time average pressure is caused by irreversible 
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movement of a valve." Appellants respectfully submit that 
Examiner Collins is incorrect in believing that the nature of how 
valve 4710 works irreversibly must be shown in the drawing. A 
person of ordinary skill in the art would know how an irreversible 
valve works and does not need a detailed illustration of such to 
properly understand the invention. Irreversible valves are 
conventional and thus can be shown in the form of a labeled 
representation. 

Both Figures 61 and 62 include a labeled representation of 
irreversible valve 4710. A description of the irreversible or "one- 
shot" valve is contained in the specification on page 41, lines 1 1- 
18. Applicants therefore submit that the labeled representation of 
irreversible valve 4710 in Figures 61 and 62 meets the requirement 
of 37 CFR§ 1.83. 

Requested Relief 

For the reasons advanced above, Appellant respectfully 
contends that claims 14-18 are patentable. Therefore, reversal of 
rejections and objections is respectfully requested. 

To the extent necessary, a petition for an extension of time 
under 37 C.F.R. 1.136 is hereby made. Please charge any shortage 
in fees due in connection of this paper, including extension of time 
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fees, to Deposit Account 07-2320 and please credit any excess fees 

- :-. * • ' '. ' ■ ' . , ••- / • v lv • 

to such deposit account. ^ ' ' - % ' ' 



: : Respectfully submitted, j 



Michelle L. Henderson - 



Reg.No. 42,654 ' 
m,-Mr-,mm Attomey for Appellant 
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APPENDIX A - Text of Claims 



1. A system for monitoring drill bit performance, comprising: 

a plurality of sensors located on a downhole section of the drill 
string; and 

circuitry for processing the states of said sensors to thereby 
derive a first warning state when the states of said sensors 
indicate that failure of the bit is beginning, and 

a second warning state when the states of said sensors indicate 
that final failure of the bit is at hand. 

2. The system of Claim 1, wherein said first warning state is indicated 
to a surface operator by variation of drilling fluid pressure, said 
variation caused by movement of a valve located in said drill string. 

3. The system of Claim 1, wherein said first and said second warning 
states are indicated to a surface operator by varying the position of a 
valve located in said drill string. 

4. The system of Claim 1, wherein said first warning state and said 
second warning state are independently derived, and said second 
warning state can be detected by said sensors and said circuitry 
even under some failure conditions which would preclude detection 
of said first warning state. 

5. The system of Claim 1, wherein said sensors include both a first 
type of sensor and a second type of sensor. 
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6. A downhole assembly which indicates a failure condition: 

by irreversible movement of a valve which affects mud flow 
impedance 

from a first state which is initially present during normal drilling 
irreversibly into at least one intermediate state which indicates a 

failure condition, and thereafter irreversibly 
into a final state, which returns mud flow impedance to 

substantially that seen during normal drilling. 

7. The assembly of Claim 6, further comprising sensors located on said 
downhole assembly which monitor parameters indicative of drill bit 
condition. 

8. The assembly of Claim 6, wherein said valve movement occurs at a 
time constant of at least about one second. 

9. The assembly of Claim 6, wherein said mud flow impedance is varied 
by opening an aperture which allows mud to flow from the interior of 
the drill string to the bore hole. 
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10. A method of operating a drill rig, comprising the steps of: monitoring 
downhole mud flow impedance; 

halting drilling when said impedance is altered by a downhole valve 
which opens or closes a shunt path for mud flow; 

wherein said valve changes position according to readings of one or 
more sensors located on a downhole sub assembly. 1 1. The 
method of Claim 10, wherein said one or more sensors 
measure axial strain. 

11. The method of Claim 10, wherein said one or more sensors measure 
axial strain. 

12. The method of Claim 10, wherein said one or more sensors measure 
vibrational frequency. 

13. The method of Claim 10, wherein data from said one or more, 
sensors are analyzed by an adaptive filter. 

14. A method of operating a drill rig, comprising the step of: signalling 
a change in downhole equipment condition by causing a variation in 
drilling fluid static pressure. 

15. The method of Claim 14, wherein said pressure variation is caused 
by irreversible movement of a valve. 
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16. The method of Claim 14, wherein said pressure variation is caused 
by cycling a valve through a position which restricts fluid flow and 
through a position which restores fluid flow to its normal state. 

17. The method of Claim 14, wherein said change in downhole . 
equipment condition is detected by a downhole sensor. 

18. The method of Claim 14, wherein said change in downhole 
equipment condition is determined by an adaptive filter which 
analyzes data from sensors located on the drill string. 
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APPENDIX B - Copy of Application Drawings 
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